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malignant diagnoses. The establish- bility, and 35 (80%) of these pathologists—
ment of reread policies for certain di- representing 14 (82%) of the state’s 17 hospitals

. . . - . _with laboratories that process breast tissue speci-
Statewide StUdy of Dlagnostlc agnostic categories may reduce the pos mens—agreed to submit breast pathology reports for

Agreement in Breast Pathology Sip”ity that diagnostic misclassification o piopsied and excised breast tissue beginning in
will lead to overtreatment or under- January 1996. Six pathologists from the only aca-

treatment. The high degree of diagnos- demic center in the state were also included. Data on

Wendy A. We"S| Patricia A. tic reproducibility for invasive cancer- specimen type (e.g., core biopsy or excisional bi-

Carney, M. Scottie Eliassen, ous lesions of the breast suggests that it ?psy) and diagnosis were entered into a central da-
. ; abase. Pathologists also provided information on

Anna N. Tosteson, E. Robert is unnecessary for a central review of gemographic/practice characteristics, usual content

Greenberg* these lesions in national cancer trials. [J of breast pathology reports, and tissue processing
Natl Cancer Inst 1998;90:142-5] methods.

After 3 months of data collection, the pathology
. database held information on 502 biopsy specimens.
Background: This study assessed the The frequency of diagnosis of breastiter stratifying the cases in the database by diag-
degree of diagnostic agreement among cancer has increased markedly over thgosis, a random number table was used to select 30

community-based general pathologists past 2 decades, particularly for noninvaSase subjects with diagnoses representative of the

. f . . . L. distribution of all diagnoses in the database. We
reading slides of representative breast sive ductal carcinoman situ (1,2).Much asked pathologists who had submitted the selected

tissue ?peCimen.S_ an_d tested .whethe_r di- of this increase results from greater use QEports to submit four recut tissue slices of a repre-
agnostic variability is associated with high-quality mammography and more fre-sentative block from the case. Each recut specimen,
type of breast specimen (e.g., core quent biopsy of suspicious findings. Prefrom a formalin-fixed, paraffin-embedded tissue

needle or excisional biopsy) or slide vious studies(3,4) have found relatively Plock was 4um thick and was stained with hema-
. . . . . toxylin—eosin under standard conditions. The recut
quality. Methods: Twenty-six of the 44 poor agreement among pathologists i ecimens were reviewed (by W. A. Wells) to en-

eligible pathologists working at com- their diagnostic assessments of breast digare that the same histopathologic material was pre-
munity-based pathology practices in ease, but these studies have largely useent on each recut tissue slice. The slides were
New Hampshire participated. Each pa- pathologists in academic centers with #nasked and organized into four complete sets, each

thologist evaluated slides of breast tis- special interest in breast pathology, a”ﬂlil'iifﬁ :Zzﬁgg;?s?rzt;zcéﬁfgéf ;?té%nsizr;idgfetfmz

sue obtained from 30 case subjects ran- the slides reviewed were from cases Witligjecteq siides, nine were derived from image-
domly selected from a statewide breast challenging histologic features. There isyuided core biopsy specimens (stereotactic or ultra-
pathology database. The diagnostic cat- Scant information on the reproducibility sound guided) and 21 from excisional biopsy and
egories used were benign, benign with of diagnoses provided by Community-maﬁltecmmy specmens. ; dard

. . . ; . ; All participating pathologists used a standard re-
atypia, noninvasive malignant, and in- based pathologist¢5-7), and no data paricipaing p 9

. i h b blished f .\})orting sheet to record their interpretations of each
vasive malignant. The levels of agree- have been published from a representativg e i, the circulated set. Summarized categories of

ment (i.e., kappa coefficients) for the Mix of biopsy specimens interpreted bygiagnosis were: benign, benign with atypia, nonin-
diagnoses were assessedesults: Pathologists in the United States. This revasive malignant, and invasive malignant. The pa-
Agreement was high among patholo- port describes the degree of interobservdiologists also evaluated each slide for processing,

; ini ioni lity by categories of ex-
: ; : : agreement for breast diagnoses amonﬁ’"”'”g' and sectioning quality by _
gists for assignment of dlagnostlc cat- 29 9 llent, very good, satisfactory, and unsatisfactory.

egory (kappa coefficient = 0.71) and community-bqsed general pathologists iRy gjiges with quality perceived to be less than very
was nearly perfect for their selection of New Hampshire.
benign versus malignant categories

g 9 9 Methods

(kappa coefficient = 0.95). There was *Affiliations of authors:W. A. Wells (Department

Iess_ agr(_eement_ for the Categorles_ of The study was approved by an insitutional comof Pathology), P. A. Camey, M. Scottie Eliassen, E.
noninvasive malignant and benign with  mittee for the protection of human subjects and enRobert Greenberg (Departments of Community and

. _ ) . Family Medicine and Medicine, and The Norris Cot-
atypia (kappa coefficients of 0.59 and dorsed by the New Hampshire Society of Patholo- Yy ’
yp ( PP y P y r{on Cancer Center), A. N. Tosteson (Department of

i _ gists. We sent recruitment letters and informatio
0.22, respectively). There was no ap- 9 Community and Family Medicine and The Center

. . detailing the proposed study and the lead investiga~ g o ) )
parent relationship between levels of tor (W. A. Wells) met with each of the 44 eligible for Evaluative Clinical Sciences), Dartmouth Medi-

diagnostic agreement and specimen pathologists in New Hampshire. To be eligible tocaI School, Hanover, NH.

type or perceived slide quality.Conclu- participate, a pathologist must have been active% Correspondence toWendy A. Wells, M.D.,

sions: Diagnostic agreement for breast practicing general surgical pathology in New Hamp- ?pﬁ”mim of .PatIhO"’gy HB 7999, D"’I‘“m(’“th'

; ; i hi hire, have regularly evaluated breast tissue, ang'icncock Medical Center, 1 Medical Center

tissue specimens is high overall among "¢ gurarty . o Drive, Lebanon, NH 03756. E-mail: Wendy.Wells@
mmunitv-b d tholoaist but havereportednoplanstoretlreorrelocatewnhmthzl.p ' hed ! ' : Y.

C‘?, unity-base .pa ologists, bu study period. Each participantreturnedasignedcorfiartmc‘)‘Ut € u o .

clinically relevant disagreements may sent form. See“Notes” following “References.

occur in the assessment of noninvasive Forty-four pathologists met the criteria for eligi- © Oxford University Press
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good, the participants were asked to detail the defivasive malignant] was comparable to thémage-guided core biopsy specimens was
;:)e:qé-o E?Stiss'gﬂ';'e;;”cce";g;(é'?:ii?\‘é?tggasﬁzg f(';r;"‘distribution of diagnoses reported to thed.85 overall and 0.98 for distinguishing
paréfﬁn infiltration), section artifacts (thickness an GL').reast pathology Qatapase [330 (66%) bebgtween the bgnlgn and malignant (?atego-
wrinkles), and suboptimal staining. Participantsign, 18 (4%) benign with atypia, 28 (6%)ries. These figures were only slightly
were blinded to the original diagnosis and to eactioninvasive malignant, and 122 (24%) inlower for the noncore biopsy specimens
others’ readings. vasive malignant] at the time the randon{0.60 and 0.85, respectively). Kappa co-
To assess diagnostic agreement, we computedgymple of 30 cases (representing 30 pafficients for distinguishing between di-
kappa statistic (i.e., coefficient) for the overall . . .
agreement in all four diagnostic categories and fopents) was chosen. agnoses of noninvasive cancer versus the
comparisons between categories (e.g., benign cases | N€r€ Was a clear consensus on the dether categories were 0.57 and 0.60 for
versus malignant categories and noninvasive mali@gnosis for almost every case, with comthe core and noncore specimens, respec-
nant cases versus all other categories). The kapplete agreement for 11 (37%) of the 3Qively. The recognition of histologic spe-
iﬁﬁ?ﬁg?ﬂ%ﬁi :::n'tet"hﬂt‘;fv ;‘l%eﬁg‘ir)‘:éeifttee; ";‘)‘bases (Table 2). For differentiation be-ial type invasive tumors (lobular and col-
chance alone. Kappa statistics less than 0.4 represéfn een benign and malignant categorleslpld)_ in both the core and noncore
fair to poor agreement, values of 0.4 to 0.8 represerif1€r€ was complete agreement for 23pecimens was excellent.
moderate to good agreement, and values over 0 3%) of the cases. Clinically relevant di- For slides where reviewers rated the
represent excellent agreeme(®). The impact of ~agnostic variations were observed in eighguality lower than very good, the most
isr:I(i?Jl;:IurE(l)ISy Zggl S::;p'e source was also examingth794) cases (N, O, P, Q, S, T, U, and V)commonly cited deficiencies were fixa-
Congtinui[;]g Midical Education credits Werevynh dlsc_repanmes in benign versus mation and st_ammg quality. However, re-
awarded to all pathologists completing the projectlignant diagnoses by one pathologist. Foduced quality did not seem to affect diag-
and each was sent a report comparing his/her indtwo of these cases (N and P), the majorityjostic agreement. The kappa coefficient
vidual interpretations with the statewide aggregateliagnosis was benign with one diagnosifor slides interpreted as of high quality
results. The results were presented at the annugff jnyasive malighant. For three cases (X(rated by=75% of participants as excel-
;;it.mg of the New Hampshire Society of FJathOIO'Y, and Z), there was substantial disagredent, very good, or satisfactory) was 0.64.
ment between noninvasive malignant anéor slides classified as unsatisfactory or
Results invasive malignant. For six (20%) casesated by greater than or equal to 25% of
(H-M), the majority diagnosis was be-reviewers as only satisfactory, the kappa
Twenty-six (74%) of the 35 patholo- nign, but one pathologist made a diagnoeoefficient was 0.69. The twelve patholo-
gists who submitted reports to the datasis of benign with atypia. For these sixgists classifying 17 slides as unsatisfac-
base took part in the slide review and coneases, as well as for cases N, O, P, Q, $yry, attributed the poor quality roughly
tributed data to the current analyses. Th&, U, and V, identification of the one pa-equally to fixation, staining, sectioning,
characteristics of the 26 participants difthologist who recorded a discordant diagand processing. No single laboratory was
fered little from those of the 17 eligible nosis compared with all of the other patesponsible for consistently substandard
nonparticipating pathologists (Table 1)thologists revealed a different person irslide quality.
Of the nine who did not provide data forevery case. Nineteen (66%) of 29 pathologists
the analyses, one (W. A. Wells) was in- The kappa coefficient confirmed acompleted our survey about breast pathol-
eligible (had viewed the slides during thehigh level of agreement for assignment obgy reread procedures (defined as a sec-
selection process), three were excludediagnostic category (kappa coefficieast ond pathologist giving an independent
because they read the study slides as®71) and near perfect agreement for thevaluation of all or some breast pathology
group, and five chose not to participate irdistinction between the two benign versugases). Of these, 16% reported rereading
this portion of the project. the two malignant categories (kappa coall breast tissue cases (benign and malig-
We received a total of 775 review di-efficient = 0.95). Less reproducible diag-nant). An additional 37% reported reread-
agnoses from the 26 participants whaostic categories, compared with othersng all malignant, benign with atypia, and
nearly all provided a diagnosis for each ofvere the benign with atypia and noninvanoninvasive malignant cases. Rereading
the 30 slides. Five diagnosis review formssive malignant, with kappa coefficients ofof specimens originally diagnosed as be-
were left entirely blank, one each by five0.22 and 0.59, respectively (Table 3). nign with atypia or noninvasive malignant
pathologists. The distribution of diag- Only 30% of the participants indicatedwas reported for 21% and 26% of cases,
noses for the study slides [489 (63%) bethat they routinely review core biopsyrespectively.
nign, 47 (6%) benign with atypia, 66 (9%)specimens in their daily practice. How-
noninvasive malignant, and 173 (22%) in-ever, the kappa coefficient for the nineDiscussion

This study indicates a high level of di-

Table 1. Characteristics of eligible participating and nonparticipating pathologists* )
agnostic agreement for the type of breast

o o Eligible nonparticipants Participants pathology material routinely reviewed in
aracteristic (=17 ("=26)  practice by community pathologists in
Median age in y (range) 53 (35-65) 47 (36-65)New Hampshire. None of these patholo-
Median time in practice in y (range) 15 (4-20) 16 (2-37) i i i i -
% Malo 100 69 gists has a special expertise in breast pa:

thology.
*Note: one pathologist (W. A. Wells) is excluded from this table (ineligible to participate in slide read, but There were high levels of agreement
contributes reports to the database). (i.e., high kappa coefficients) for all four
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Table 2. Distribution of diagnoses (n) by slide for the 30 representative cases misdiagnosing cancer as a benign condi-
tion would result in needed therapy not

Benign with Noninvasive Invasive

Slide Benign (n) atypia (n) malignant (n) Malignant (n) bging received. In this StUdy', SU(fh qritical
A 6 0 o o disagreements occurred primarily in the
B 26 0 0 0 differentiation between diagnoses of be-
c 26 0 0 0 nign with atypia and noninvasive malig-
E gg 8 g g nant. In most institutions, a woman whose
= 26 0 0 0 breast biopsy diagnosis is benign with
G 24 0 0 0 atypia receives follow-up surveillance
:* gg i 8 8 and no treatment, whereas a noninvasive
3 o5 1 0 0 mahgnanf( Q|agn03|s warrants at least sur-
K 25 1 0 0 gical excision and often more extensive
k/l gg i 8 8 treatment(2). Among the 30 reviewed

. / 0 .
N Y 1 0 1 cases in our _study_, five (E_S %) of 66 diag
o} 23 1 1 0 noses of noninvasive malignant (cases O,
g gg é 2 é Q, S, T, and U) represent instances where
R 29 2 0 0 the consensus opinion of the other pa-
S 19 6 1 0 thologists was that no cancer was present.
E 12 g i g In seven instances of a noninvasive ma-
v 0 1 25 0 lignant d!agn05|s (gases W r?md X), most
w 0 0 1 25 pathologists had diagnosed invasive can-
é 8 8 12 i(z) cer; in two cases (Y and Z), pathologists
7 0 0 16 10 were approx_lmately equz_;llly d_|V|ded be-
AA 0 0 0 26 tween invasive and noninvasive assess-
22 % % % 22% ments. There were two instances of a di-
DD 0 0 0 26 agnosis of invasive malignant for which

the consensus opinion was no cancer
(cases N and P), and one instance of a

_ _ _ _ _ _ diagnosis of no cancer (benign with atyp-
diagnostic categories, but particularly forepresentative sample of the diagnostigy, case V) where the consensus opinion

distinction between the benign and maligcategories seen routinely in a general payas that cancer (noninvasive) was pre-
nant categories, between the invasive mahology practice. The participants in thesent. Most pathologists in our state have
lignant category and all other categoriesprior study also used mutually agreed oRold us they confer with their colleagues
and between the benign (without atypiajliagnostic criteria while our participantsin difficult diagnostic breast cases; there-
category and all other categories. This is #llowed their individual criteria for diag- fore, these disagreements, usually repre-
higher level of agreement than was renosis within a standardized checklist. Senting the divergent view of one patho|0_
ported in a prior study of diagnostic re- Despite the excellent agreement overgist, would almost certainly have been
producibility of proliferative breast le- all, there are situations when anything lesgxposed by a second evaluation. Dis-
sions (4). The slides reviewed in thatthan perfect agreement may be clinicallygreements might also be reduced
study (4) were selected to include a highunacceptable. A diagnosis of cancerhrough use of standardized diagnostic
proportion of controversial and difficult when none is present, may result in Ungriteria for the differentiation between be-
borderline lesions; our slides comprised aecessary therapy and concern. Similarlyyign with atypia and noninvasive malig-
nant categorie®t). Since only 30% of the
pathologists in New Hampshire evaluate
image-guided core biopsy specimens, the

Table 3. Kappa coefficients* for randomly selected slides in the four diagostic categories

Diagnostic Image-guided Excisional or exceptional diagnostic agreement for
category All slides core biopsy specimen mastectomy specimen these specimens throughout the state sug-
comparisons (n = 30) slides (n= 9) slides (n= 21)

gests that fears of a prolonged learning
Benign versus 0.95 0.98 0.94 curve for the evaluation of such biopsies

malignantt ; ;
Benigngwithout atypia versus 0.79 0.94 0.73 by pathologl_sts When_a Ster_eOtaCtIC or ul-
all other categories trasound-guided service is introduced are
BenI:gntr:Nith attypia_versus 0.22 —t 0.21 unfounded.
all other categories H
Noninvasive ma?lignant versus 0.59 0.57 0.60 Our study IS_ one Of, few that have fo-
all other categories cused on the diagnostic reproducibility of
Invasive malignant versus 0.85 0.83 0.85 routinely practicing pathologists without

all other categories a special interest or expertise in diagnos-

*There were 24 to 26 independent reviews per slide. tic b':eaSt pathology. The mOSt. compre-
1P<.001 for all kappas unless otherwise noted. hensive study evaluating consistency of
tNote that none of the nine slides had final diagnoses of benign with atypia. histopathologic reporting was carried out

144 REPORTS Journal of the National Cancer Institute, Vol. 90, No. 2, January 21, 1998



by the United Kingdom National Breast Two studies(10,11) have stated that References

Screening Programme in 1994 and ineptimal tissue fixation and processing are

volved up to 251 pathologists reviewingmajor factors in improving interobserver (1) Ernster v, Barclay J, Kerlikowske K, Grady D,

multiple sets of slides over 3 yeds). As  agreement in the histologic grading of  Henderson C. Incidence of and treatment for
in our study, a high level of diagnosticbreast carcinomas. In our study, reduced ductal carcinoma in situ of the breast. JAMA
consistency was achieved for most majoglide quality did not appear to affect di- _ 1996:12:913-8.

: : . . . 2) Choi WS, Parker BA, Pierce JP, Greenberg
categories of breast disease except wh : - > ) L T
9 P &gnostic accuracy; indeed, for slides clas ER. Regional differences in the incidence and

dlst!ngmghmg b?n'gn with atYP'a andsified as of unsatisfactory interpretive  yeatment of carcinoma in situ of the breast.
noninvasive, malignant categories. Howguality or rated by greater than or equalto  Cancer Epidemiol Biomarkers Prev 1996;4:
ever, the slide sets did not represent thgso as only satisfactory, the kappa coef- ~ 317-20.
routine breast pathology caseload anﬂcient improved from 0.64 to 0.69. (3) Rosai J. Borderline epithelial lesions of breast.
slide quality was not formally assessed. Three potential limitations of this Ath_Surg Pathol IT991:151209—2|1_- A
The study of Bianchi et al(6) showed stud it iderai First while th Schnitt SJ, Connolly JL, Tavassoli FA, Fech-
) . y merit consiaeration. FIrst, while th€  ner Rg, Kempson R, Gelman R, et al. Interob-
good overall_dlagnostlc agreeme”t amongarticipation rate was good (80% of eli-  server reproducibility in the diagnosis of ductal
12 community-based Italian pathomg'St%ime pathologists submitting information proliferative breast lesions using standardized
with comparable diagnostic discrepancieg, the pathology database and completing__ Criteria. Am J Surg Pathol 1992;16:1133-43.
between benign with atypia and noninva_some aspects of the study), only 59% Sloane JP, Ellman R, Anderson TJ, Brown CL,

sive malignant. However, although the . : . Coyne J, Dallimore NS, et al. Consistency of
9 9 completed the slide review portion of the pistopathological reporting of breast lesions

study did control for the technical qualltystudy. Willingness to take part in such a  detected by screening: findings of the U.K. Na-

of the histologic sections, the cases S&%lide review may be considered a poten- tional External Quality Assessment (EQA)

I;Cte: f(;ir rer\llﬁ\llvr\rgve:eﬂljn?\tl\r/]n rgor przgsfnr:ttial bias in participant selection and result fSChgme- tU-SK- Nat_io”aé Ctﬁolrdi”a“gg (i“gp
agnostic problems ratner than rando Yn increased accuracy and agreement as or Breast Screening Pathology. Eur an

selected cases. In 1985, similar conclu- . . 1994;30A:1414-9
) ; . . ) compared with the community as a whole. ; ; ; ; i
sions regarding diagnostic consistenc p y (6) Bianchi S, Palli D, Galli M, Arisio B, Cappa A,

were drawn from the study by membergéecond’ just one represenFativ‘E_ slide Per  DalForno S, etal. Reproducibility of histologi-
f the Medical R hC B ase was requested for review, increasing cal diagnoses and diagnostic accuracy of non-
of the Medical Researc ouncil breas he potential for sampling variability. In palpable breast lesions. Pathol Res Pract 1994;

Tumor Pathology Panel in the U.K. who utine daily practice, pathologists would . %976

evaluated 40 consecutive cases submittéd yp » patholog ~ (7) Beck JS. Observer variability in reporting of

from health districts throughout the U.K,€valuate more than one slide from exci-" " preast lesions. J Clin Pathol 1985;38:1358-65.
). sional and mastectomy specimens. Third,s) Landis JR, Koch GG. The measurement of ob-

Until more specific differentiating the uniform reporting form may have in- server agreement for categorical data. Biomet-
: o - = fluenced final interpretations, since its  fics 1977,33:159-74.
morphometric criteria or a biologic

A ' - ; (9) Fisher ER, Costantino J. Quality assurance of
marker are determined, borderline pr0||f'f0rmat discouraged wordy comments. pathology in clinical trials. The National Sur-

erative breast lesions (representing 10% In summary, breaSt_ pathology 'dlag.- gical Adjuvant Breast and Bowel Project expe-
of our pathology database) will continueN©S€S among community pathologists in rience. Cancer 1994;74(9 Suppl):2638—41.
to be interpreted variably by community-NeW Ha_lmpshlre are hlghl)_/ reliable over-(10) Robbins P, Pinder S, de Klerk N, Dawkins H,
based and expert pathologits alke. Tl ariclay forth benin versus ma L) SLCL L 0
natural history of low-grade noninvasive'lgnant categories, and for core biopsy agreement. Hum Pathol 1995;26:873-9.
lesions as compared with the benign butPeCImens and speC|_aI type invasive tUs 1y gision cw, Eliis 10. Pathological prognostic
atypical lesions is poorly understood. [fmors. Tissue processing and slide quality  factors in breast cancer. I. The value of histo-
the outcome of future clinical trials is to d0 not measurably affect diagnostic  logical grade in breast cancer: experience from
recommend comparable treatments forgreement. Rereading breast pathology 2 arge study with long-term follow-up. Histo-
these borderline lesions, then the nece§ases in categories critically important for ~ Paimelogy 1991;:19:304-10.
sity to distinguish reproducibly betweendetermining treatment plans (benign with
them may be alleviated. atypia and noninvasive malignant categoNOte€s

Large cooperative clinical trials, suchries) only occurs in about 74% and 79%
as the National Surgical Adjuvant Breasof the cases, respectively. A consistent Supported by The Centers for Disease Control to
and Bowel Project, have tried to minimizeslide review policy for breast pathologythe New Hampshire Division of Health and Human
inconsistencies of their pathologic find-could lessen the likelihood of misclassifi-Sévices (411216); by the U.S. Department of De-
. . . . . . fense (DASD17-94-J-4109); and by Public Health
ings by requiring th_at a Cen_tral Iabora}torycgtlon error. Cllnlcal!y relevant d|agnost|cSerVice grant CA23108 from the National Cancer
review all pathologic materials submitteddisagreements still occur, however,sitte, National Institutes of Health, Department
by institutional pathologist49). Unless among noninvasive malignant diagnosef Health and Human Services.
the clinical trials are specifically focusing The willingness of so many New Hamp- We thank Dr. David Donsker for encouraging this
on known areas of diagnostic variationshire pathologists to participate in thisProject and Julie Wade, Dr. Marguerite M. Stevens,
this procedure may not be necessary if thproject attests to their continued commit®™ tslarah Me?’irs fﬁr,\led'toga' assr'ftancih\’\lle .a'tso
results of our current New Ha}mpshirer_nent to addrgs; thes.e. diagnc.)sti_c. vari -rﬁs tzoipggff:s tehias Pr;\'evct. ampshire pathologists
study apply broadly to pathologists elsetions and minimize clinically significant  manuscript received June 12, 1997; revised Oc-
where. disagreements. tober 15, 1997; accepted October 29, 1997.
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Identification of Melanoma
Antigens That Are
Immunogenic in Humans
and Expressedin Vivo

Jason Applebaum, Sandra
Reynolds, Jeff Knispel, Ruth
Oratz, Richard Shapiro,
Jean-Claude Bystryn*

Background: In the development of an
antimelanoma vaccine, a critical factor
is the identification of antigens that
induce a strong immune response in
humans and that are expressed by
melanoma cellsin vivo. The aim of this
study was to identify candidate anti-
gens for such vaccineMethods: Sixty-
nine patients with surgically resected
melanomas (American Joint Commis-
sion on Cancer [AJCC] stage IlI) were
immunized with a polyvalent vaccine
containing multiple melanoma anti-
gens. Antimelanoma antibodies gener-
ated in the patients’ sera were used as
probes to identify the melanoma anti-
gens that are immunogenic in humans
and that are expressed on the tumor
tissuein vivo. Such responses were de-
termined by an immunoblotting assay
that employed an antigen source pre-
pared from membrane fractions of
freshly excised melanoma tissueRe-
sults and Conclusions:Vaccine treat-
ment stimulated antibody responses in
35 (51%; 95% confidence interval [CI]
= 39%-63%) of 69 sequentially en-
rolled patients. The antibodies were di-
rected to one or more antigens with

molecular masses of 45, 59, 68, 79, 89,expressedn vivo. The strategy used to

95, and/or 110 kd. The most immuno-
genic antigens were pl110 and p68,
which induced responses in 33% (95%
Cl = 22%—44%) and 25% (95% CI =
15%-35%) of patients, respectively.
Both antigens were commonly ex-
pressed on different melanomas, but
they were absent on autologous normal
tissue and on an unrelated allogeneic
tumor. All the above antigens are at-
tractive candidates for vaccine con-
struction. [J Natl Cancer Inst 1998;90:
146-9]
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A major challenge in the design of ef-Materials and Methods
fective vaccines for melanoma is the iden-
tification of candidate melanoma antigend/€lanoma Vaccine
for vacqne de\{elopmerQIL).The mmlm_al A soluble, partially purified, polyvalent, mela-
essential requirements for such antigensgma antigen vaccine was prepared from the mate-
are that they be immunogenic in humansal shed into culture by four human melanoma cell
and be expressed by melanoma cdtls lines (SF-SKMel28, SF-M14, SF-M20, and SF-

vivo. Two major approaches are currentlyM>#) that were adapted to long-term growth in
serum-free medium, as previously described

being us_ed to 'd_ent'fy candidate antigeng;; 12y griefly, these cells were incubated at 2 x
for vaccines; neither of these approaches/mL in serum-free RPMI-1640 medium for 3
is completely satisfactory. The first ap-hours at 37 °C. The spent culture medium from each

proach involves identifying amigenscell line was collected, centrifuged at 1@fr 15
minutes at 4 °C to remove particulate material, and

eXpreS_Sed pn -surglcally resecFed m6|6bbncentrated, and equal protein amounts of the con-
noma tissuen vivo that are reactive with centrated shed material were collected from the four
“natural” melanoma-specific T cells or cell lines pooled. The non-ionic detergent Nonidet
melanoma-specific antibodies present jif-40 was added to a final concentration of 0.5% to

- - . the pooled shed material, which was then ultracen-
patients with this Cance(rZ 5)' Unfortu trifuged at 100009 for 90 minutes at 4°C to re-

nately, while this approach identifies rnOI'move insoluble material, dialyzed against normal sa-
ecules that are antigenic (i.e., able to reaahe, and sterilized by filtration through a 0.32n
with an immune cell or antibody), it doesfilter. The protein concentration of the final product
not provide direct evidence of immuno-"as adjusted to 0.2 mg/mL and dispensed into py-

icity (i th bility t fi lat rogen-free glass vials. For use, the vaccine was usu-
genicity (i.e., the ability to stimulate an ally admixed with alum as an adjuvant. The bio-

immune response in humans). The seconflemical and antigenic properties of the vaccine
approach is to directly identify antigenshave been published?2).

that are immunogenic in humans, as evi- . o
denced by their ability to stimulate an im—pat":mtS and Immunizations

mune response in patients immunized tO sixty-nine sequentially registered patients (43

the antigen(6—10). With this approach, men and 26 women between the ages of 18 and 75
however, the source of antigen for im-years) with surgically resected melanoma (American

: : int Commission on Cancer [AJCC] stage Ill) were
mun [ lly the cells or antigeff'nt Commis .
une assays Is usually the cells or a tgeenrolled in this study, which was conducted at the

extract that was used to prepare the VaQew York University Medical Center from 1992 to

cine; therefore, it is difficult to exclude 1995. Other criteria for patient selection were as
the possibility that the induced response®llows: no evidence of distant metastatic disease,
are directed against artifacts in the vacho history of other cancers or other serious systemic

. . . . disease, positive skin test response to recall antigens
cine preparation. Neither approach iden- P P g

- : ) or ability to be sensitized to dinitrochlorobenzene,
tifies antigens that can stimulate tumorang no prior therapy for melanoma other than sur-
protective immune response, which camery or local radiotherapy. All patients signed in-
be evaluated only by subsequent ana|ysfgrmed consent. The patie_nts were immuqized with
of the effects of active immunization to 20-40p.g of vaccine protelq administered intrader-
. . mally every 3 weeks four times and then monthly
the antigen on tumor progression. three times and at longer intervals thereafter. No
This report describes the identifica-other therapy for melanoma or immunosuppressive
tion of multiple melanoma antigens thatagents were given to the patients while they were

are both immunogenic in humans an(#)eing treated with the vaccine. Sera were collected
rom the patients before the firstimmunization and 1

. - week following six to eight immunizations. The sera
achieve that goal was to employ vaccinepere stored at =80 °C until used.

induced antibodies as probes to identify
the immunogenic proteins in melanoma

tissues. Extracts prepared from fresh, eAfflat ¢ authors: J. Abpleb (Kapl
. . iliations of authors:J. Applebaum (Kaplan
surgically resected melanoma tissue Werg, - or Center), S. Reynolds, J.-C. Bystryn (The

used as a source of target antigens eXonaid 0. Perelman Department of Dermatology),
pressedn vivo and to avoid detection of J. Knispel, R. Oratz (Department of Medicine), R.
antibodies to antigens that may be artiShapiro (Department of Surgery), New York Uni-
facts of the vaccine construction proteinsersity School of Medicine, New York.

. . Correspondence toJean-Claude Bystryn, M.D.,
A polyvalent vaccine that contains aThe Ronald O. Perelman Department of Dermatol-

broad range of potential immunogens,gy New York University Medical Center, 550 First
was used to detect and to compare theve., New York, NY 10016.

immunogenic potency of different anti- See“Notes” following “References.”
gens.
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Preparation of Antigen Extracts for wherep andq are the proportions with and without
Immunoblotting antibody responses, respectively, anés the total — 110,000
number of patients, i.e., 69.

Two lots of melanoma antigen extracts were pre- ..ng %
pared; each was from equal volumes of surgicallResults '
resected tumor tissue obtained from two separate 79,000
patientsd If_otlwas pre_pared fdrofm hepaltic metastases The ability of vaccine treatment to ":ikﬁ
resected from one patient and from splenic metastas; i 1ate  antibodies to melanoma anti =
ses resected from a second patient; lot 2 was pre- . . . .
pared from metastases resected from the chest wiENS €xpresseih vivo was investigated
of one patient and from the large intestine in a secdy @ comparison of the pattern and leve 45,000
ond patient. To prepare tumor tissue extracts, wef melanoma antibodies in sera collected ’
Sepa“’}te_d the mg'anoma ;‘Ssue from SU”F’T“?:ﬁom 69 patients with surgically resected
normal fissue and removed necrotic material. They 3¢ stage |11 malignant melanoma priof
tumor tissue was finely diced and homogenized, and

nuclear and other cellular debris was removed b)tro vaccine treatment and 1 week after si )I(: 1 Mel . defined b . .
three cycles of centrifugation at 10§@r 10 min-  tO eight immunizations. The same me'a'z;%{on' anedacggz?nzmgig(id Z;Tif)odiZsprgg;? l\J/\?(-:.-re
utes at 4°C. The supernatants were ultracentrifugedoma antigen extract (lot 1), pooled from,gccted from three patients before vaccine treat-
at 10500@ for 1 hour at 4°C, and the pellets were metastases resected from two patientgent {anes A and 1 week after six to eight immu-

tresusp)tg?deddln Tr!s—EtDl'I(')/; buger gg)H 8_.0)tand tuI—WaS used for all assays. The results angzations lanes B. The sera were tested for anti-
racentriiuged again & 0gGor 20 minutes a illustrated in Fig. 1 and summarized inbodies to membrane extracts of fresh melanoma

4 °C. The resulting pellets were solubilized in &/m bl q q \Hssue by western immunoblot analysis. Before vac
ic aci -80° Table 1. Vaccine treatment induced a new: ) - ]
deoxycholic acid and stored at —80°C. cine treatment, most patients had antibodies to one

A normal autologous tissue extract was prepare@ntibody response, or augmented a pre; . ore antigens. After vaccine treatment, the pa-

Is_lmllarly frorln equal vc_>|umefs of nﬁrmal uninvolved existing response, to one or more antigengnts developed new or increased levels of antibod-

F')‘:g;;’;d;slssgmc’;t:rﬂ% inrc(;r;tr;ci o i‘“le”;“:iem?lsréxpressed in surgically resected melaies to one or more antigens with molecular masses of
. : i i 0 0 0p— 45,59, 68, 79, 89, 95, and/or 110 kd.

procedure was used to prepare antigen extracts frofoma tissue in _35 (51 Yo [95 A)_ Gt :_39 %o

a control human parotid mixed tumor. Normal tissue63%0]) of 69 patients. The antibodies were

from the patient from whom lot 2 was prepared wadirected to antigens of molecular masse fth id mixed Th
not available. Total protein concentration in all lotsof 45 59, 68, 79, 89, 95. and/or 110 an racts of the parotid mixed tumor. The an-
of antigens was measured by use of a Bio-Rad kié8 kd. Vaccine-induced immune re- igens were commonly expressed in mela-

(Bio-Rad Laboratories, Paris, France) and normal- ) noma, inasmuch as all were detected in a
ized to 240ug/gel. sponses were directed most commonly to

the p110 antigen and to the P68 antigesecond lot of melanoma antigen extract
Assay of Melanoma Antibodies (in 33% [95% Cl= 22%—44%)] and 25% r(1lot 2) prepared from two additional pa-

Antibodies to melanoma and the identity of anti-[95%95 C| = 15%-35%)] of patients, re- tients.

gen; to which they wert_e directed were determine pectively) and least Commonly to the pS%iSCUSSiOH
by immunoblotting. Antigen extracts (24Qg of . . . o
protein) were admixed with Laemmli’s buffgi3) antigen and to the p45 antigen (in 10% . . L
and 2-mercaptoethanol, boiled for 5 minutes, and95% Cl = 3%—17%] and 15% [95% CI  This study shows that immunization to
centrifuged at 640ffor 2 minutes at 4°C. The en- = 7%—23%)] of patients, respectively). a polyvalent melanoma vaccine prepared
tire aliquot was run on sodium dodecyl sulfate-8%  The specificity of the antigens definedfrom antigens shed from melanoma cells
\F/’v‘:featcrg’i’f‘;'r‘:z d90?1't:iﬁcetg)\?g‘;“ai(ﬁgbif’c:r‘:_tg'_”;iI_ by vaccine-induced antibodies was inveseultured in vitro induces antibody re-
lipore Corp., Bedford, MA) membrane in 0.192 tigate_d by the measuremept of their exsponses to multiple melanoma antigens of
glycine and 0.023v Tris (pH 8.3) without metha- Pression in extracts of surgically resectednolecular masses 45, 59, 68, 79, 89, 95,
nol, blocked in 5% low-fat milk, and washed threenormal tissue and non-melanoma tumorand/or 110 kd that are expresdadivoin
times in 0.05% Tween 20 in phosphate-buffered sahy use of a post-vaccine treatment serurfresh melanoma tissue. This observation
'S"t‘r‘iepgp(i?c'ht‘;pmceo’?]?e:;?ﬁg""f;gt2$’;rf)‘:;'r:‘)t°a§3“aw}vith high levels of antibodies to the targetdemonstrates that the vaccine contains
incubated overnight in a 1:50 dilution of the pa_antigens as a probe. The tissu_es tested imultiple antigens that are i_mmunogenic in_
tient's serum (unabsorbed). The strips were washegluded normal autologous tissues obhumans and that the antimelanoma anti-
seven times with 0.05% Tween 20 in PBS, incubatetiained from sites (liver in one patient andbody responses that these antigens induce
for 4 hours in a 1:100 dilution of horseradish per-spleen in the other) adjacent to the metasire not directed to artifactual antigens;
gﬁgﬁi‘:}fosnigﬁztecdh :n:?c';‘l“é"c‘;"” sim&i?sy ,[\A'Zgbintases used to prepare melanoma antigenoreover, it identifies these antigens as
0.3% Tween 20 in PBS, washed seven times wiggXtract lot 1, another melanoma antlgemand.ldates for construction of melanoma
0.05% Tween in PBS, and incubated with a substragXtract (lot 2) prepared from metastasesaccines.
containing 0.01% hydrogen peroxide and 0.5 mgresected from two other patients, and an There is presently considerable inter-
mL 4-chloro-1-naphthol. Vaccine-induced antibod-unrelated tumor (a parotid mixed tumor).est in the development of vaccines to
fesru"rfrffoﬁr:"tdhee”gt’ie% gzgfi;:;;gf::ag;ees;”;U'AII extracts were prepared identically andreat, and possibly to prevent, some can-
absent or present in lesser densitg50% decrease) fested at identicql protein c_oncgntrationscers. To be _effective, sych va_ccines must
in baseline serum obtained from the same patientN€ results are illustrated in Fig. 2 andbe able to stimulate antitumor immune re-
before vaccine treatment. Approximate 95% confisummarized in Table 2. None of the melasponses directed to antigens that are ex-
dence intervals (Cls) were generated by use of thagma antigens targeted by these antiboghressedin vivo by the tumor. This re-
formula ies were detected in the autologous nomuires that the vaccine contains tumor
<p+ Lo6 [P q) mal tissue. With the exception of antigensantigens that are both immunogenic in hu-

p68 and p89, none were detected in exnans and expressdd vivo (1). In the
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Table 1. Generation of vaccine-induced antibodies that react with antigens present in fresh  polyvalent shed antigen vaccine used in
melanoma tissue the current study(7). However, in all

these cases, the antigen source used to de-

tect vaccine-induced antibodies was de-

Patients* with antibody response to melanoma vaccine immunizationt

Any antibody ; ; it Aiffi_
Melanoma Vaccine-induced Vaccine-enhanced response to immunizatidh, rived from cultured cells, r_na_1|gng it diffi
antigen, kd responses, No. (%)f  responses, No. (%)§  No. (%; 95% confidence interval) CU“. to _eXC|Ude t'he possibility 'that the
antibodies were induced and directed to
119 (13) 14 (20) 23 (33, 22-44) artifacts of tissue culture rather than bein
95 10 (15) 5(7) 15 (22; 12-32) _ Ing
89 2(3) 5(7) 7(10; 3-17) expressedn vivo. Other melanoma anti-
22 1?) %g)) g(é)o) 1117((122 1;22)5)) gens are known to be expressiedvivo
59 9(13) 6(9) 15 (22; 12-32) and to react with human T cells obtained
45 8(12) 2(3) 10 (15; 7-23) from patients with melanoma, but their
Any antigen 23 (33) 24 (35) 35 (51; 39-63) immunogenicityin vivo is unknown.
“Total number of patients= 69 These include the MAGE-1, MAGE-3,
tMeasured by immunoblot analysis, with the use of a membrane fraction of fresh melanoma tissue QﬂquART_l peptideg3,4), 9p100(16)v
antigen source. and tyrosinas€17), all of which are rec-
tAntibody band present in post-treatment but not pretreatment serum in same patient. ognized by human leukocyte antigen
§Density of antibody band greater in post-treatment serum than in pretreatment serum. (HLA)-restricted cytotoxic lymphocytes
[Approximate 95% confidence intervals were generated by use of the formula obtained from patients with melanoma.
pxq However, although these studies show
P196/—— | that these molecules are antigeimwitro,

they do not establish with certainty
whether they are immunogerniitvivo be-
cause the lymphocytes could have been
sensitized by different or cross-reacting
case of malignant melanoma, the identityasting antibody responses in patientantigens.
of such antigens remains to be fully de{15). Other melanoma antigens present in In this study, our strategy to identify
fined. vaccines are immunogenic in humans, agntigens that are both immunogenic in hu-
Few melanoma antigens satisfy the cridetermined by the induction of antibodiesmans and expressed vivo has been to
teria of being both immunogenic in hu-but their expressioin vivo is unknown. use as probes antibodies induced by vac-
mans and expresséuvivo by melanoma. These include a number of antigens rangsine immunization. The detection of sev-
These include the GM2 and GD2 ganglioing in molecular masses from 34- to100eral antigens that satisfy this definition
sides (8,14). These gangliosides arekd antibodies that were induced by immuwas made feasible by immunization of
weakly immunogenic, requiring conjuga-nization to a melanoma vaccinia viralpatients to a polyvalent melanoma vac-
tion to a carrier protein and administrationoncolysate(6); a 31-kd glycoprotein an- cine that contains a broad range of poten-
with potent adjuvants to induce long-tigen to which an antibody was inducedial immunogens. A large number of pa-
by a vaccinia virus melanoma oncolysatdients was studied (5= 69) to permit the
(9); and cell surface antigens of 38—43gvaluation of relative immunogenicity of
75, 110, 150, and 210 kd induced by théhe antigens and the identification of

where p and q are proportions with and without antibody responses, respectivelynaad9, i.e., the
total number of patients.

.

Table 2. Tissue distribution of melanoma antigens defined by antibodies induced by
« 58 000 vaccine immunization

Antigen expression*

1
28
g

Melanoma Melanoma antigen  Melanoma antigen  Normal autologous

T
| LB Nniy
- -

o N
toa
5 883
g 883

antigen, kd lot 1t lot 2% tissue§ Unrelated tumjpr
A B C 95 + +++ - -
89 ++ +++ - +
79 ++ ++ - -
Fig. 2. Specificity analysis of vaccine-induced anti- gg ot et _ +
bodies against melanoma antigens expressewo. 59 ++ ++ - Not tested
Serum of one representative patient with vaccine51 ++ +++ - -
induced antibodies was tested for reactivity against5 +++ +++ - -
two different lots of resected melanoma tissue pre'
pared from different patientslanes A and B), *The number of + signs are indicative of relative band density on immunoblots.the lowest; +++=

pooled autologous normal tissue obtained from a sitthe highest; —= absence of the band(s).

adjacent to that of the melanoma tissue used in lane tPrepared from metastatic nodules obtained from the liver and spleen of two different patients.

B (lane C), and an unrelated parotid mixed tumor FPrepared from metastatic nodules obtained from the chest wall and bowel of two different patients.
(lane D). Membrane extracts of all tissues were pre- 8Normal tissue obtained from autologous liver and spleen from patients utilized for the preparation of
pared in a similar manner and were tested at similamelanoma pool #1.

protein concentrations. |Parotid mixed tumor.
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weakly immunogenic antigens that inducggens are attractive candidates for the noma oncolysates. Cancer Res 1994;54:
responses in only a small proportion ofdevelopment of melanoma vaccines be‘s—]fo) i“?’?‘% LD, Teuchida T Saxton RE. I

. . . ai T, Cahan , Tsuchida T, Saxton , Irie
patlgnts. The latter antlgen§ are still poeal'Jse'they possess the dual property RF, Morton DL. Immunogenicity of mela-
tentially valuable for vaccine develop-being immunogenic in humans and selec-  oma-associated gangliosides in cancer pa-

ment because the immunogenicity of evetively expressed by melanoma celis tients. Int J Cancer 1985;35:607—12.

weakly immunogenic entities can bevivo. (11) Bystryn JC, Oratz R, Roses D, Harris M, Henn

markedly increased by appropriate immu- 1\(")'nLq‘Z‘I’;sO-n?;'\"’/‘zg;:st;’r;erﬁzr:z;;rr‘]e;ﬁjpgﬁe

nizing strateg|§$1_5). References cal outcome in stage Il malignant melanoma.

Our results indicate that a large num- Cancer 1992:69:1157—64.

ber of antigens expressed by melanomd?l) Bystryn JC, Shapiro RL, Oratz R. Cancer vac-(12) Bystryn JC, Jacobsen S, Harris M, Roses D,

cellsin vivo can be immunogenic in hu- cines: cIin_icaI applic_ations: partiall_y purified Speyer J, Levin M. Preparation and character-
tumor antigen vaccines. In: DeVita VT Jr, ization of a polyvalent human melanoma anti-

mans. Th incl roteins with mo- ) S
ans ese include proteins wit o Hellman S, Rosenberg SA, editors. Biologic gen vaccine. J Biol Response Mod 1986:5:
lecular masses of 45, 59, 68, 79, 89, 95, therapy of cancer. 2nd ed. Philadelphia: Lip- 221-4.

and 110 kd. Vaccine-induced antibody re- pincott, 1995:668-79. _ (13) Laemmli UK. Cleavage of structural proteins
sponses to one or more of these antigen§?) Lloyd K. Tumor antigens. An N Y Acad Sci during the assembly of the head of bacterio-
were detected in approximately half of 69 __ 1993:690:50-9. phage T4. Nature 1970;2127:680-5.

. . . . 3) Gaugler B, Van den Eynde B, van der Bruggen14) Livingston PO, Kaelin K, Pinsky CM, Oett
sequentially registered patients with sur—( . ) Livingston PO, Kaelin K, Pinsky CM, Oettgen
a y reg P P, Romero P, Gaforio JJ, De Plaen E, et al. ~ {E Old LJ. The serological response of pa-

glcally reseCt.E:d stage !” melanoma. The Human gene MAGE-3 codes for an antigen tients with stage Il melanoma to allogeneic
immunodominant antigens (p110 and  recognized on a melanoma by autologous cy-  melanoma cell vaccines. Cancer 1985:56:
p68) were those of molecular masses of tolytic T lymphocytes. J Exp Med 1994;179: 2194-200.

110 kd and 68 kd and stimulated antibody L Eivahy S Sakaguchi K, Rob. (%) Heling ., Adur S, Calves M, Koganty RR,
i i W 1Y, Ellyanu o, uchi K, - Oettgen HF, Livington PO. Increased immuno-
0 0 g , g
responses in 33% and 25% of patients, bins PF, Rivoltini L, Yannelli JR, et al. Iden- genicity of GM2 conjugated with KLH and

respectively. All of thes_e antigens appear tification of the immunodominant peptides of used with adjuvant in patients with melanoma.
to be melanoma associated, inasmuch as the MART-1 human melanoma antigen recog-  proc Am Assoc Cancer Res 1993:34:491.

none could be detected in normal tissue. nized by the majority of HLA-A2-restricted tu- (16) Bakker AB, Schreurs MW, de Boer AJ, Kawa-
They appear to be common melanoma an- mor infiltrating lymphocytes. J Exp Med 1994, kami Y, Rosenberg SA, Adema GJ, et al.

i i 180:347-52. Melanocyte lineage-specific antigen gpl100 is
tigens because all could be detected N5y Oka T, Kikumoto Y, Itakura K, Morton DL, revognized by melanomaderived. wrmor.

dlﬁere_nt melanomas. The 89-kd and 68- Iie RF. Human monoclonal antibody identi- infiltrating lymphocytes. J Exp Med 1994;179:

kd antigens were weakly expressed on an fied an immunoreactive tetrapeptide sequence  1gg5_g.

unrelated cancer. The relation of these an-  (Lys-Tyr=GIn-lle) in Mr 43,000 protein of hu- (17) wolfel T, Van Pel A, Brichard V, Schneider J,

tigens to previously described melanoma,  ™a" me'anom"’l‘(' Cancer F;es 1d994?54:3511‘5- Selliger B, Meyer zum Buschenfelde KH, et al.
. . X 6) Hersey P, Werkman H, Edwards AE. Western i i i

antigens remains to be defined. However,( y Two tyrosinase nonapeptides recognized on

. blot analysis of serological responses following HLA-A2 melanomas by autologous cytolytic T
all but p45 are unrelated to HLA antigens  immunization with vaccinia viral lysates of lymphocytes. Eur J Immunol 1994:24:759-64.
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Body Mass Index and Risk of
Adenocarcinomas of the
Esophagus and Gastric Cardia

Wong-Ho Chow, William J. Blot,
Thomas L. Vaughan, Harvey A.
Risch, Marilie D. Gammon, Janet
L. Stanford, Robert Dubrow,
Janet B. Schoenberg, Susan T.
Mayne, Diana C. Farrow,
Habibul Ahsan, A. Brian West,
Heidi Rotterdam, Shelley Niwa,
Joseph F. Fraumeni, Jr.*

Background:Incidence rates have risen
rapidly for esophageal adenocarcinoma
and moderately for gastric cardia ad-
enocarcinoma, while rates have re-
mained stable for esophageal squamous
cell carcinoma and have declined stead-
ily for noncardia gastric adenocarci-
noma. We examined anthropometric
risk factors in a population-based case—
control study of esophageal and gastric
cancers in Connecticut, New Jersey,
and western Washington. Methods:
Healthy control subjects (n = 695) and
case patients with esophageal squa-
mous cell carcinoma or noncardia gas-
tric adenocarcinoma (n = 589) were fre-
guency-matched to case patients with
adenocarcinomas of esophagus or gas-
tric cardia (n = 554) by 5-year age
groups, sex, and race (New Jersey
only). Classification of cases by tumor
site of origin and histology was deter-
mined by review of pathology materials
and hospital records. Data were col-
lected using in-person structured inter-
views. Associations with obesity, mea-
sured by body mass index (BMI), were
estimated by odds ratios (ORs). All
ORs were adjusted for geographic lo-
cation, age, sex, race, cigarette smok-
ing, and proxy response statusResults:
The ORs for esophageal adenocarci-
noma rose with increasing adult BMI.
The magnitude of association with BMI
was greater among the younger age
groups and among nonsmokers. The
ORs for gastric cardia adenocarcinoma
rose moderately with increasing BMI.
Adult BMI was not associated with risk

150 REPORTS

of esophageal squamous cell carcinomatory up to 1 year prior to diagnosis for case patients
or noncardia gastric adenocarcinoma. ;‘_”d date ‘I’fé”t;r"iewlfoacl"”“‘?' ﬁUt(’ieCt5~hweight

. . . |story included usual adult welg t (I.e., the most
Conclusions: Increasing prevalence of '/ "eiont during adulthood), highest adult
obesity in the United States population eignt, and usual weights during ages 2029, 40-49
may have contributed to the upward and 60-69. Interviews were obtained for 554 (81%)
trends in esophageal and gastric cardia

of 687 eligible target case patients, 589 (74%) of 795
adenocarcinomas. [J Natl Cancer Inst eligible comparison case patients, and 695 (74%) of
1998;90:150-5]

943 eligible control subjects. Of these, information
was provided by next of kin for 164 (30%) of the
target case patients, 192 (33%) of the comparison

The incidence of esophageal adenocaf@se patients, and 25 (4%) of the control subjects.
Adiposity was estimated by body mass index

cinoma has been _rapldly rl_smg over thQBMI), computed as weight in kilograms divided by
past two decades in the United States angight in meters squared (kghjn Height, weight,
western Europél-5). To a lesser extent, and BMI variables were grouped into quartiles for
increases in the incidence of gastric cardianalysis based on sex-specific distributions among
adenocarcinoma have also been reporté'be control subjects. Anthropometric variables more

o inely grouped in deciles also were examined for
(2,6-8).In contrast, incidence rates forlinearity of associations. Relative risks according to

squamous cell carcinoma of the esophamthropometric status were estimated by odds ratios
gus have remained stable or decreasd&dRs) and 95% confidence intervals (Cls), using

slightly, while rates for noncardia gastriclogistic regression modelgl5). The Cls were not

adenocarcinoma have declined steadihfdlusted for multiple comparisons. Dose-response
elationships were evaluated by tests of linear trend

_TO identify reasons for th_e uPW&_lrd tren({)ased on continuous variables. Effect modification

in esophageal and gastric cardia aden@s assessed by examination of stratum-specific re-
carcinomas, we conducted a populationsults. The significance of the interaction was tested
based case—control Study of these tumo#y adding a 'CI'OSS-pI’OdUCt terrq to thg model. All

in three areas of the United States. In th@Rs were adjusted for geographic location, age, sex,
L. . . race (white, non-white), cigarette smoking (non-

initial report from this study, cigarette

. . smoker, former smoker at 1 or more years prior to
smoking was found to be a risk fact(®). interview, and current smoker) and respondent sta-

The present analysis evaluates the posss (self and next of kin). Separate analyses using

sible role of excess weight, which hagnore detailed cigarette smoking indicators, includ-

been suggested as a risk factor in previoy&d Pack-years of smoking, combination of pack-
Studies(lo 12) years and smoking status, and years since smoking

cessation for past smokers, did not alter the associa-
Methods

tions. Additional adjustment for other potential con-
founding factors, including family income, educa-

tion, dietary intake (calories, fat, or fiber), level of
The methods for this study are described in detail

elsewhere(9). Briefly, residents newly diagnosed
with invasive esophageal or gastric cancers at ages
30-79 years in Connecticut (from February 1, 1993, *Afiliations of authors'W. H. Chow. J. F. Frau-
to January 31, 1995), New Jersey (from April 1, ) o O S

1993, to November 30, 1994), and western WasHeni, Jr., Division of Cancer Epidemiology and Ge-

ington (from March 1, 1993, to February 28, 1995)geg(l:s' l\llatlonaI.Canlcgr _IgSt't_Utle‘ Btalthe§da, '\QD; \kN
were identified through rapid reporting systems.: ot, International Epidemiology Institute, Rock-

Population-based control subjects were selected b lle, MD; T. L. Vaughan, J. L. Stanford, D. C.

random digit dialing(13) for those under 65 years of Carrow, ProgramhiréEpidemio(Ijogy, Fred HUtc?inS(.)(T
age and from the Health Care Financing Adminis ancer Research Center, and Department of Epide-

tration files for those 65 years of age or olde#). miology, University of Washington School of Public
Healthy control subjects and case patients wit

}l|-|ealth, Seattle; H. A. Risch, R. Dubrow, S. T.
esophageal squamous cell carcinoma or noncard

Mayne, Department of Epidemiology and Public

gastric adenocarcinoma (comparison cases) we%ealth' g_?l_eMUgvzs'ty SChO:' AOL Med'g_n?’_ NEV\;
frequency matched to target case patients with a raven, L1, M. D. ammon, H. Ahsan, Division o
enocarcinomas of the esophagus or gastric cardig

including the gastroesophageal junction, in eac

geographic area by 5-year age group and sex and EHied Cancer Epidemiology P_rogram|_ New Jersey
New Jersey by race (white or non-white). Classifi-2€Partment of Health and Senior Services, Trenton;

cation of cases by site of origin and histology wasB' West, Department of Pathology, Yale University

determined by a panel of pathologists through stanchool of Medicine; H. Ro_ttgrdam, Department of
College of Physicians & Surgeons of Co-

dardized review of pathology materials and reportg athplogyj . )

from surgery, endoscopy, and radiology. lumbia Unlv_erS|ty, New York, NY; S. Niwa, Westat,
After obtaining written informed consent from In% ROCkV'"Z' MD. Ho Ch PhD. N

each subject or next of kin of a deceased subject, an orresponadence taong-Ho ow, Fn.D., Na-
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physical activity, alcohol use, history of reflux dis- tion with noncardia gastric adenocarci{OR = 1.7; 95% CI = 0.6-4.9) and
teo"’:sec')f“C?naz:'e‘r’Cgi“dpigct”;:;tce?i;e”gogﬁ; ;ref"r"imk"i Ti'_sr10ma. For usual BMI, the ORs for esophweight gain of greater than or equal to
o ’ y St ageal adenocarcinoma rose steadily21% (OR= 1.5; 95% Cl= 0.7-3.2) only
When compared with the first quartile, theamong those in the highest quartile of
Results OR increased from 1.3 (95% G+ 0.8— usual BMI. Weight changes were not con-
2.2) for the second quartile to 2.0 (95% Ckistently associated with cardia or noncar-

Initial analyses were conducted to ex-= 1.3-3.3) and 2.9 (95% C+ 1.8-4.7) dia gastric adenocarcinoma, but risk of
amine the consistency of results based an the third and fourth quartiles, respecesophageal squamous cell carcinoma
all study subjects and after excludingtively (P for trend <.0001). Furthermore,tended to increase with weight loss and
next-of-kin interviews. Since the associacompared with subjects in the lowest 10%lecrease with weight gain since ages 20—
tions with height, usual weight, and usuabf usual BMI (<21.70 for men and <20.1829 years. For each tumor type, the risk
BMI were similar with and without the for women), risk increased steadily topattern associated with BMI at ages 20—
next-of-kin interviews, results are pre-reach fivefold (OR= 5.4, 95% Cl = 29, 40-49, and 60-69 years, or BMI
sented for the entire study population. Th€.4—12.0) among those in the highesbased on the maximum adult weight, was
findings also were unchanged when nondecile &29.54 for men and=31.25 for similar to that of usual BMI (data not
whites were excluded from the analysesvomen). To a lesser extent, ORs for gasshown). The results were not altered sub-
In addition, the patterns of risks weretric cardia adenocarcinoma rose withstantially after excluding next-of-kin re-
similar between men and women, hencesual BMI to 1.6 (95% Cl= 1.1-2.6) in spondents, with a twofold excess risk (OR
the results are presented for both sexdbe highest quartile. Among those in the= 2.2; 95% Cl= 1.2-4.0) for those who
and all races combined. Presented ihighest decile of usual BMI, the risk of gained greater than or equal to 46 Ibs and
Table 1 are ORs associated with usugastric cardia adenocarcinoma increasea 40% excess (OR= 1.4; 95% CI =
BMI for men and women separately agwofold (OR = 2.1, 95% Cl= 1.1-4.1) 0.9-2.2) for those who gained greater
well as ORs after excluding next-of-kinrelative to those in the lowest decile. Inthan or equal to 21% of the weight during
interviews or non-whites. contrast, usual BMI was not significantlyages 20-29 years.

As shown in Table 2, height tended torelated to risk of esophageal squamous The joint effects of height and usual
be inversely related to risk for all tumorcell carcinoma or noncardia gastric adadult weight were further assessed for
types except esophageal squamous celhocarcinoma. esophageal and gastric cardia adenocarci-
carcinoma, although the trend was statis- Risk of esophageal adenocarcinomaomas (Table 3). Risk of esophageal ad-
tically significant only for esophageal ad-was not related to weight gain duringenocarcinoma generally rose with in-
enocarcinoma. High usual adult weighedulthood, except when the gain wasgreasing weight at each height level, and
was associated with excess risks of adarge &46 Ibs or =21% since age 20 declined with increasing height at each
enocarcinomas of the esophagus and gagears) (Table 2). Stratification by usualweight level. Similar but less consistent
tric cardia, reduced risk of esophageaBMI showed excess risks associated witlpatterns were found for gastric cardia ad-
squamous cell carcinoma, and no associgeight gain greater than or equal to 46 Ibgnocarcinoma. The patterns of risk by

Table 1. Odds ratios (ORs) and 95% confidence intervals (Cls) associated with usual body mass index (BMI) by sex and respondent characteristics*

Esophageal Gastric cardia Esophogeal squamous Noncardia gastric
NO-tOfl adenocarinoma adenomcarcinoma cell carcinoma adenocarcinoma
contro

Stratum Usual BMI  subjects  No. OR (95% CI)T No. OR (95% CI)t No. OR (95% CI)T No. OR (95% CI)t
Meni I—low 138 36 1.0 (referent) 45 1.0 (referent) 64 1.0 (referent) 66 1.0 (referent)
Il 138 55 1.5(0.8-2.5) 44 0.9 (0.6-1.6) 37 0.4 (0.2-0.8) 54 1.0(0.6-1.7)

I 141 72 2.0(1.2-3.5) 59 1.3(0.8-2.2) 39 0.7 (0.4-1.3) 65 1.4 (0.9-2.3)

IV—high 138 81 3.0 (1.7-5.0) 75 1.8(1.1-2.9) 35 0.7 (0.4-1.3) 66 1.4 (0.9-2.3)

Womeni I—low 34 9 1.0 (referent) 9 1.0 (referent) 15 1.0 (referent) 39 1.0 (referent)

Il 35 8 0.8 (0.2-3.4) 7 0.9 (0.2-3.2) 13 0.6 (0.2-1.9) 23 0.7 (0.3-1.6)

1 35 13 2.1(0.6-7.4) 11 2.2(0.7-7.1) 14 0.8 (0.3-2.3) 26 0.8 (0.3-1.8)

IV—high 35 18 2.6 (0.8-8.5) 11 1.3(0.4-4.2) 3 0.2 (0.0-0.8) 26 0.7 (0.3-1.5)
Excludedf I—low 166 25 1.0 (referent) 40 1.0 (referent) 57 1.0 (referent) 57 1.0 (referent)
next of kin Il 164 38 1.4 (0.8-2.4) 38 0.9 (0.6-1.6) 25 0.5(0.3-0.8) 58 1.1(0.7-1.7)

1 172 59 2.1(1.2-3.5) 54 1.3(0.8-2.1) 38 0.7 (0.4-1.2) 71 1.3(0.9-2.0)

IV—high 168 76 3.1(1.8-5.2) 60 1.6 (1.0-2.5) 24 0.5(0.3-0.9) 67 1.3(0.8-2.0)
Excludedf I—low 156 45 1.0 (referent) 50 1.0 (referent) 60 1.0 (referent) 84 1.0 (referent)
non-whites I 162 62 1.3(0.8-2.1) 51 0.9 (0.6-1.5) 36 0.4 (0.3-0.8) 64 0.9 (0.6-1.4)

1 169 84 1.9(1.2-3.2) 67 1.3(0.8-2.1) 41 0.7 (0.4-1.2) 79 1.2(0.8-1.8)

IV—high 158 97 2.8 (1.7-4.5) 84 1.7 (1.1-2.6) 31 0.6 (0.3-1.1) 77 1.3(0.8-1.0)

*Cut points for usual BMI: first quartile (males: <23.12; females: <21.95); second quartile (males: 23.12—-25.08; females: 21.95-24.12); third quartile (males:
25.09-27.31; females: 24.13-27.43); and fourth quartile (male3.32; females=27.44).
tAdjusted for geographic location, age, cigarette smoking, and sex, race, and respondent status (when appropriate).

FOne control subject, one esophageal adenocarcinoma patient, one esophageal squamous cell carcinoma patient, and three patients with noncardia adenocarcir
were excluded because of missing values.
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Table 2. Odds ratios (ORs) and 95% confidence intervals (Cls) for esophageal adenocarcinoma, gastric cardia adenocarcinoma, esophageal squamous cell

carcinoma, and noncardia gastric adenocarcinoma in relation to anthropometric variables

Gastric cardia
adenomcarcinoma

Esophageal

adenocarinoma cell carcinoma

Esophogeal squamous Noncardia gastric
adenocarcinoma

No. of

Anthropometric variables controls N* OR (95% CI)t N* OR (95% CI)t N* OR (95% CI)t N* OR (95% CI)t

Adult heightt (quartiles in inches)
I—low (males: <68; females: <63) 149 73 1.0 (referent) 60 1.0 (referent) 51 1.0 (referent) 122 1.0 (referent)
Il (males: 68—-69; females: 63) 155 69 0.6(0.4-1.0) 53 0.7(0.4-1.2) 41 0.6 (0.4-1.2) 62 0.5(0.3-0.7)
Il (males: 70-71; females: 64—65) 174 76 0.6 (0.4-0.9) 66 0.8(0.5-1.3) 68 1.4(0.8-2.4) 95 0.7(0.5-1.1)
IV—high (males:=72; females=66) 216 74 0.4 (0.2-0.6) 82 0.6(0.4-1.1) 61 1.0(0.6-1.8) 87 0.6(0.4-0.9)

P for trend§ .0001 .1450 .3139 .0567

Usual adult weight(quartiles in Ibs)
I—low (males: <160; females: <128) 167 49 1.0 (referent) 51 1.0 (referent) 76 1.0 (referent) 123 1.0 (referent)
Il (males: 160-176; females: 128-139) 189 86 2.1(1.3-3.4) 63 1.2(0.7-1.9) 70 0.9 (0.5-1.4) 94  0.9(0.6-1.3)
Il (males: 177-189; females: 140-159) 150 45 1.6(0.9-2.8) 44 1.2 (0.7-2.0) 32 0.6 (0.3-1.1) 59 0.7(0.5-1.2)
IV—high (males:=190; females=160) 188 112 4.0(2.4-6.7) 103 2.1(1.3-3.5) 42 0.6 (0.3-1.1) 89 0.9(0.6-1.4)

P for trend§ <.0001 .0016 .0462 .6607

Usual BMIT (quartiles)
I—low (males: <23.12; females: <21.95) 172 45 1.0 (referent) 54 1.0 (referent) 79 1.0 (referent) 105 1.0 (referent)
Il (males: 23.12-25.08; females: 21.95-24.12) 173 63 1.3(0.8-2.2) 51 0.9(0.6-1.5) 50 0.5(0.3-0.9) 77 0.9(0.6-1.4)
Il (males: 25.09-27.31; females: 24.13-27.43) 176 85 2.0(1.3-3.3) 70 1.4(0.9-2.1) 53 0.8 (0.5-1.3) 91 1.2(0.8-1.8)
IV—high (males:=27.32; females=27.44) 173 99 29(1.8-4.7) 86 1.6(1.1-2.6) 38 0.6 (0.3-1.0) 92 1.2(0.8-1.8)

P for trend§ <.0001 .0080 .1065 2141

Weight change (age 20-29 y to usual adult)
Loss/gain 0-5 Ibs 192 67 1.0 (referent) 81 1.0 (referent) 75 1.0 (referent) 90 1.0 (referent)
Loss=6 Ibs 31 8 1.0(0.4-2.3) 15 1.0(0.5-2.0) 19 1.8 (0.9-3.6) 18 2.0(1.0-3.9)
Gain 6-25 Ibs 291 116 1.1 (0.7-1.6) 85 0.6(0.4-0.9) 82 0.9 (0.6-1.4) 158 1.3(0.9-1.9)
Gain 26-45 Ibs 125 43 1.0(0.6-1.7) 42 0.8(0.5-1.2) 22 0.5(0.3-1.0) 60 1.3(0.8-2.1)
Gain =46 lbs 54 31 21(1.2-3.8) 30 1.3(0.7-2.2) 7 0.3(0.1-0.8) 27 1.4(0.8-2.5)

Percent weight change (age 20-29 y to usual adult)
-5 to +5% 245 83 1.0 (referent) 95 1.0 (referent) 92 1.0 (referent) 115 1.0 (referent)
Loss =6% 22 5 0.8(0.3-2.3) 12 1.3(0.6-2.8) 13 1.6 (0.7-3.5) 10 1.4(0.6-3.2)
Gain 6-20% 290 121 1.1(0.8-1.6) 94 0.8(0.5-1.1) 76 0.7 (0.5-1.1) 153 1.2(0.8-1.6)
Gain=21% 136 56 1.4(0.9-2.1) 52 1.0(0.6-1.5) 24 0.4 (0.2-0.7) 75 1.2(0.8-1.9)

*The number of subjects do not add up to the total number interviewed because of missing values in some categories.
TAdjusted for geographic location, age, sex, race, cigarette smoking, and respondent status.

fAlso adjusted for usual adult weight.

§Based on continuous variables.

IAlso adjusted for adult height.

1Body mass index based on usual adult weight, calculated as weight in kg/height in m

Table 3. Odds ratios (ORs) and 95% confidence intervals (Cls) for esophageal and gastric cardia adenocarcinomas in relation to weight by height

Weight (Ibs) quartiles

I—low I m
(males: <160; (males: 160-176; (males: 177-189;
females: <128) females: 128-139) females: 140-159)

IV—high
(males: >189;
females: >159)

Case Case Case Case
patients/ patients/ patients/ patients/
Height (inches) control control control control
quartiles subjects*  OR (95% CI)t subjects OR (95% CI)t subjects OR (95% CI)t subjects OR (95% CI)t
Esophageal adenocarcinoma
I—low (males: <68; females: <63) 29/74 1.0 (referent) 27142 2.5(1.2-5.3) 8/17 2.0(0.7-5.8) 9/16 2.3(0.8-6.6)
Il (males: 68-69; females: 63) 10/47 0.7 (0.3-1.8) 26/48 1.4 (0.7-3.0) 11/32 1.0 (0.4-2.6) 22/28 2.5(1.1-5.6)
Il (males: 70-71; females: 64—65) 8/33 0.5(0.2-1.6) 16/56 0.8(0.3-1.7) 16/40 1.2 (0.5-2.8) 36/45 2.9 (1.4-5.9)
IV—high (males:=72; females=66) 2/13 0.5(0.1-3.1) 17/43 1.0 (0.5-2.3) 10/61 0.4 (0.1-1.0) 45/99 1.5 (0.8-2.9)
Gastric cardia adenocarcinoma
I—low (males: <68; females: <63) 24/74 1.0 (referent) 18/42 1.7 (0.8-3.7) 8/17 2.0(0.7-5.8) 10/16 1.8 (0.6-5.2)
Il (males: 68-69; females: 63) 15/47 1.0 (0.4-2.2) 13/48 0.8 (0.4-1.9) 6/32 0.6 (0.2-1.8) 19/28 2.2 (1.0-5.0)
Il (males: 70-71; females: 64—65) 10/33 1.1(0.4-2.7) 16/56 0.9 (0.4-2.0) 15/40 1.3(0.6-2.9) 25/45 2.0(0.9-4.3)
IV—high (males:=>72; females=66) 2/13 0.8 (0.2-3.8) 16/43 1.0 (0.5-2.4) 15/61 0.8 (0.3-1.7) 49/99 1.6 (0.8-3.0)

*One control and one esophageal adenocarcinoma case were excluded because of missing values.
tAdjusted for geographic location, age, sex, race, cigarette smoking, and respondent status.
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height and usual adult weight were unrenoma were not modified by age (data nointestinal types of adenocarcinoma within
markable for esophageal squamous cethown). subsites of stomach.

carcinoma and non-cardia gastric adeno- Cigarette smoking, a risk factor for
carcinoma (data not shown). each of the cancers in our study, was ®iscussion
The positive association between rislsignificant @ = .03) effect modifier of

of esophageal adenocarcinoma and usugde risk of esophageal adenocarcinoma This population-based case—control
BMI was significantly P = .03) modi- associated with usual BMI (Table 4). Thestudy revealed that excess weight is a
fied by age (at the time of diagnosis forlargest BMI-related increase in risk wasstrong risk factor for esophageal adeno-
case patients and at the time of intervieviound among nonsmokers, followed bycarcinoma, with risk rising consistently
for control subjects), with the greatest in-current smokers and then former smokersvith increasing BMI. The risk appeared
crease in risk seen among the youngedthe ORs for the highest versus the lowestelated largely to elevated BMier seand
group (ages <50 years) and the smallesfuartile of usual BMI were 8.7 (95% CI not to weight gain or loss during adult
increase among the oldest group (ages 2.4-31.1) among nonsmokers, 2.1ife. Furthermore, within each weight
70-79 years) (Table 4). The ORs for th€95% Cl = 1.1-4.2) among former smok- level, the risk tended to decrease with in-
highest quartile relative to the lowesters, and 2.9 (95% Ck 1.1-7.6) among creasing height. To a lesser extent, excess
quartile of usual BMI in age groups lesscurrent smokers. The effect of usual BMiweight increased the risk of gastric cardia
than 50, 50-59, 60-69 and 70-79 yearsn risk of gastric cardia adenocarcinomadenocarcinoma, while no effect was seen
were 33.6 (95% CE 2.1-552), 4.5 (95% was not significantly modified by smok- for noncardia gastric adenocarcinoma or
Cl = 1.4-14.1), 2.3 (95% C& 1.0-5.4), ing, although the risks were highestesophageal squamous cell carcinoma. The
and 1.7 (95% Cl= 0.8-3.8), respec- among nonsmokers. No effect modificarelatively large study size and standard-
tively. Effect modification by age was nottion by smoking was observed for the reized classification of case patients by
apparent for gastric cardia adenocarcilation of BMI to esophageal squamousstudy pathologists enabled us to assess the
noma (data not shown), although no relaeell carcinoma or noncardia gastric adrelation of anthropometric variables to the
tion to usual BMI was found among thoseenocarcinoma (data not shown). In addifour types of esophageal and stomach
aged 70 years and older, a pattern consiion, no significant effect modification by cancers. These results argue against recall
tent with that for esophageal adenocarcihistory of gastroesophageal reflux diseaskias or differential reporting between case
noma. Associations between usual BMbr by educational level was found for anypatients and control subjects, since recall
and risk of esophageal squamous cell caof the four cancer types. The findings foror reporting of height and weight is un-
cinoma or noncardia gastric adenocarciusual BMI were similar for diffuse and likely to vary by case type.

Table 4. Odds ratios (ORs) and 95% confidence intervals (Cls) for esophageal adenocarcinoma in relation to body mass index (BMI), stratified by selected
subject characteristics

Usual BMI quartiles

I—low 1 1 IV—high
(males: <23.12; (males: 23.12-25.08; (males: 25.09-27.31; (males:=27.32;
females: <21.95) females: 21.95-24.12) females: 24.13-27.43) females:=27.44)
Case Case Case Case
patients/ patients/ patients/ patients/
control control control control
subjects* ORT subjects OR (95% CI)t  subjects OR (95% CI)T subjects OR (95% CI)T

Age group, y

<50 2/21 1.0 5/25 5.7 (0.4-89.0) 15/15 43.5(2.6-731.0) 13/17 33.6 (2.1-552.0)

50-59 8/40 1.0 11/37 1.7 (0.5-5.8) 13/36 3.4(1.0-11.1) 23/41 45 (1.4-14.1)

60-69 12/64 1.0 17/61 1.0 (0.4-2.5) 22/63 1.5 (0.6-3.6) 32/67 2.3(1.0-5.4)

70-79 23147 1.0 30/50 1.3(0.6-2.8) 35/62 1.3(0.6-2.8) 31/48 1.7 (0.8-3.8)
Cigarette smoking

Nonsmoker 5/49 1.0 6/51 0.6 (0.1-2.7) 16/56 4.0 (1.1-14.7) 25/51 8.7 (2.4-31.1)

Former smoker 26/69 1.0 32/67 1.5(0.7-3.1) 38/75 1.6 (0.8-3.4) 48/84 2.1(1.1-4.2)

Current smoker 11/47 1.0 24/41 2.0 (0.8-5.2) 25/37 2.7 (1.0-6.8) 23/29 2.9(1.1-7.6)
GERD%

No 23/132 1.0 26/126 1.1 (0.5-2.2) 42/119 2.0(1.1-3.9) 44/119 2.6 (1.4-5.0)

Yes 22/40 1.0 37/47 1.4 (0.6-3.1) 43/57 1.6 (0.8-3.5) 55/54 2.6 (1.2-5.6)
Education

<High school 2177 1.0 28/83 1.1 (0.5-2.2) 50/70 2.5(1.3-5.0) 59/77 3.7(1.9-7.2)

Vocational/some college 15/45 1.0 16/35 1.8 (0.6-4.9) 22/44 1.5(0.6-4.0) 25/51 2.1(0.8-5.4)

=College graduate 9/50 1.0 19/55 2.2 (0.7-7.6) 13/62 2.4 (0.7-8.0) 15/45 3.3(1.0-11.4)

*The number of subjects do not add up to the total number interviewed because of missing values in some categories.
TAdjusted for geographic location, sex, race, respondent status, and age and cigarette smoking (when appropriate).

fGastroesophageal reflux disease (GERD) (severe heartburn, acid regurgitation, or dysphagia at least weekly, at least weekly use of over-the-couter antacids
at least 2 years, or ever use of Hlockers).
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Our findings provide strong supportflect the true magnitude of associationsfor alcohol drinking or caloric intake did
for a causal relation between adiposityattributable risk calculations indicate thanot affect our results.
and adenocarcinomas of the esophagusdividuals above the median level of In summary, our multicenter popula-
and gastric cardia. Limited evidence fromBMI may account for 33% of esophageation-based, case—control study found that
previous population-based, case—contr@denocarcinoma and 22% of gastric calincreased BMI was a strong risk factor for
studies in the United States suggested dia adenocarcinoma case patients occuesophageal adenocarcinoma and a moder-
threefold increased risk of esophageal ading in the three geographic areas over thate risk factor for gastric cardia adenocar-
enocarcinoma among white men withstudy period. Therefore, the upward trendtinoma. The elevated risks appeared re-
BMI greater than 26.§10) and a 150% in the incidence of these tumors may bdated mainly to excess weigier seand
excess risk of esophageal adenocarcielated in part to substantial increases inot to weight changes over time. In con-
noma as well as a 60% excess risk ofhe prevalence of overweight in the U.Strast, BMI was largely unrelated to esoph-
gastric cardia adenocarcinoma amongopulation. The prevalence of overweightigeal squamous cell carcinoma and non-
subjects in the highest decile of BNi11). adults [defined in23) as BMI =27.8 for cardia gastric adenocarcinoma. These
In China, where the study population wasnen and=27.3 for women, which are ap- findings suggest that the increasing preva-
relatively lean, the risk of gastric cardiaproximately equal to the highest quartiledence of obesity in the population has con-
adenocarcinoma was elevated 40%f usual BMI in our study] at all ages rosetributed to the rising incidence trends for
among women and threefold among mefrom 25% in 1976 through 1980 to 33%adenocarcinomas of the esophagus and
in the highest quartile of BM{12).Intwo in 1988 through 1991, with the greatespastric cardia. Further epidemiologic,
studies, a dose-response relation wascrease occurring among men age 56linical, and laboratory studies are needed
noted between BMI and increased risk of/ears or oldei23). to identify the mechanisms by which obe-
gastric cardia adenocarcinon{al,12). The only environmental factor consis-sity increases the risk of these tumors.
The inverse associations between heighéntly linked to adenocarcinomas of the
and risks of esophageal and gastric caresophagus and gastric cardia in epidemidReferences
cers also are consistent with our observdegic studies has been cigarette smoking
tion of elevated risks among the obesg9,11,24-27).In our study, increases in (1) Yang PC, Davis S. Incidence of cancer of the
since taller subjects tend to be leanerisk with usual BMI were greatest among i;‘égh%ﬁ‘f;‘g ”;e US by histologic type. Cancer
when adjusted for weight. nonsmokers, indicating that smoking is @ Blot\}w‘ beveséss, Kneller RW, Fraumeni JF
The mechanism by which overweightnot a necessary cofactor for the associa- * . Rising incidence of adenocarcinoma of the
increases the risk of adenocarcinomas dfon with overweight. Our finding that the esophagus and gastric cardia. JAMA 1991;265:
the esophagus and gastric cardia is n@MI-associated risk is highest in the  1287-9.
clear. It has been suggested that obesitoungest age group suggests that obesit{?) Powell J. McConkey CC. The rising trend in
. . . - oesophageal adenocarcinoma and gastric car-
pror_notes g_astr(_)esophageal_ reflux disease partlcula_rly |mp0rt_ant for early-onset = Eir 3 cancer Prev 1092:1:265-9.
by increasing intra-abdominal pressuréumors, while other risk factors may as- (4) Hansson LE, Sparen P, Nyren O. Increasing
(16,17).In turn, gastroesophageal refluxsume a more prominent role for tumors incidence of both major histological types of
predisposes to Barrett's esophagus, @developing in later years. esophageal carcinomas among men in Sweden.
metaplastic precursor state for adenocar- It is unclear why risks associated with . 'é‘lto fvfl\?”;eervizz?gg‘“:gzu‘;'em —
cinomas of the esophagus and ggstnc caoverwelght_ were greater for espphage_al ing climb in rates of esophageal adenocarci-
dia(18,19).In our study, the magnitude of adenocarcinoma than for gastric cardia noma: an update [letter]. JAMA 1993:270:
relative risk associated with BMI wasadenocarcinoma. It is possible, although 1320
similar among those with or without aunlikely, that some noncardia gastric can-(6) Yang PC, Davis S. Epidemiological character-
self-reported history of gastroesophagealers may be misclassified as cardia tu- I;rt:zsdoifstzc:egtc:)cni:lc?ri?]at%fethSn%?eS(tanStC;redéa
reflux, suggespng that obesity may mquTmors,_ (_jes_plte our standardized review qnd 1973-1982. Int J Epidemiol 1988:17:293—7. ’
ence cancer risk through mechanisms inlassification procedures, thus attenuating7y powell 3, McConkey CC. Increasing incidence
addition to reflux (20,21). However, the association of gastric cardia adenocar- of adenocarcinoma of the gastric cardia and
given the relatively low sensitivity of re- cinoma with overweight. It is also pos-  adjacent sites. Br J Cancer 1990;62:440-3.
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